We present a re-organization of the Oh et al. (2017b) (Oh17) wide, co-moving catalog of 4,555 groups of stars (10,606 individual objects) identified in the Tycho Gaia Astrometric Survey (TGAS) into new and known co evolving groups of stars in the Milky Way. We use the BANYAN Σ kinematic analysis tool to identify 1,015 individual stars in the Oh17 catalog that yielded a >80% probability in one of 27 known associations (e.g. the AB Doradus moving group, Columba, Upper Scorpius) in the vicinity of the Sun. Among the 27 groups uncovered by Oh17 that had > 10 connected components, we find that 4 are newly discovered. We use a combination of Tycho, Gaia, 2MASS, WISE, Galex, and ROSAT photometry as well as Gaia parallaxes to determine that these new groups are likely older than the Pleiades but younger than ∼1 Gyr. Using isochrone fitting we find that the majority of these new groups have solar type stars and solar type metallicity. Among the 35 Oh17 groups with 5 -9 members, we find that 19 also appear new and co-moving, with Oh17 Group 30 being particularly exciting as it is well within 100pc (range of 77 -90 pc) and also appears to be older than the Pleiades. For known star forming regions, open clusters, and moving groups identified by Oh17, we find that the majority were broken up into pieces over several Oh17 groups (e.g. Lower Centaurus Crux members are spread over 26 Oh17 groups) however we found no correlation with positions of the groups on color magnitude diagrams therefore no substructure of the association correlated with the Oh17 designated group. We find that across the 27 groups tested by BANYAN Σ there were 400 new members to 20 different associations uncovered by Oh17 that require further vetting.
INTRODUCTION
Corresponding author: Jacqueline K Faherty jfaherty@amnh.org jfaherty@amnh.org Mapping the Milky Way with co-evolving stars can provide information on the dynamic history of our Galaxy. Galactic position along with parallax, proper motion, and radial velocity measurements for individual stars helps us to create maps of the 6 dimensional spatial and velocity structure of the Milky Way. Using such detailed maps of the Galaxy, investigations of the locations of stars with their kinematic clustering can be paired with parameters such as stellar separations, fundamental parameter estimates (log (g), metallicity, mass, radius) and chemical compositions to yield vital details about the past, present and future of the Milky Way.
Widely separated companions are particularly important as they are easiest to study in detail given that individual sources can be resolved. Studying binaries, triples, or hierarchical systems with common origin, allows much needed tests on age-calibration relations (e.g. Chanamé & Ramírez 2012) but also can lead to intriguing discoveries about the planetary formation history around Milky Way stars (e.g. Oh et al. 2017a; Teske et al. 2015) . Furthermore, hierarchical systems at wide separations that have strong evidence for co-evolution are important objects for understanding the influence of the Galactic potential and large perturber structures (e.g. giant molecular clouds) in the Milky Way (e.g. Weinberg et al. 1987) .
The Washington Double Star Catalog (WDS) maintained by the United States Naval Observatory is a principal resource for a list of double and multiple star information (Mason et al. 2018 ) and contains over 140,000 entries with references for discovery as far back as 1895 (e.g. Aitken 1895 ). In the current day, identifying widely separated companions is enabled by large or allsky surveys such as the Sloan Digital Sky Survey (e.g. Dhital et al. 2010 Dhital et al. , 2015 , the Digitized Sky Surveys (e.g. Lépine & Shara 2005; Lépine 2005 ), Tycho and Hipparcos (e.g. Faherty et al. 2010 Faherty et al. , 2011 Kirkpatrick et al. 2001 ). Having precise parallax, proper motion and radial velocity are critical to identifying and confirming co-moving stars. That is why the European Space Agency's (ESA) Gaia space based observatory is a muchanticipated next major advancement in the science enabled by wide co-moving stars. By the time of the Gaia DR2 release (expected in April 2018), this mission will chart 10,000 times more stars than Hipparcos at a precision 100 times better. In September 2016, the first data release of Gaia (DR1) which provided a subset of parallaxes and precise proper motions for Tycho stars (dubbed TGAS) led to several papers identifying new wide hierarchical systems in the Galaxy (e.g. Oh et al. 2017b , Oelkers et al. 2017 , Andrews et al. 2017 .
Aside from wide binaries in the Galaxy, important comoving collections of moderate numbers of stars have also been discovered using astrometric surveys. Using early, low astrometric precision catalogs, Kapteyn (1905) and Eggen (1965) identified large kinematically coherent associations of stars through their common proper motions and parallaxes. With time, astrometric surveys became far more precise and these original associations were resolved into smaller age-coherent groups with the progression to milliarcsecond parallaxes and proper motions from the Tycho and Hipparcos surveys (Perryman et al. 1997 , Høg et al. 2000 .
Within a few hundred parsecs of the Sun, there are numerous associations ranging in age from a few Myr (e.g. Rho Ophiuchus, 0.5-2 Myr, Wilking et al. 2008a ; Taurus, 1-2 Myr, Daemgen et al. 2015) through hundreds of Myr (e.g. Tucana Horologium, ∼45 Myr; AB Doradus, ∼150 Myr, Bell et al. 2015 ; Pleiades, ∼112 Myr, Dahm 2015a; Hyades, ∼750 Myr, Brandt & Huang 2015a) . Indepth studies of the closest associations to the Sun (< 200 pc) have revealed that they harbor large numbers of low-mass stars, brown dwarfs, and even objects whose mass falls below the deuterium burning boundary (socalled free-floating planetary-mass objects; Gagné et al. 2015; Faherty et al. 2016) . Moreover, given that moving groups harbor the closest young stars to the Sun, they are also the targeting ground for directly imaged exoplanets. Associations such as Tucana Horologium, TW Hya, and the AB Doradus moving group contain isolated objects that range in mass from a few solar masses down to a few Jupiter masses (Gagné et al. 2017, Faherty in prep) as well as stars with planetarymass companions. Observations of these associations enable investigations of the mass function, kinematics, and spatial distribution across the full range of objects generated through star formation processes in different isolated groups at young (1-2 Myr), medium , and older (100-700 Myr) ages.
Given the expectation of a dramatic increase in high precision astrometry for stars in the Galaxy with Gaia, the DR2 catalog will re-organize our understanding of structures in the local Galactic neighborhood (e.g. Kushniruk et al. 2017) . In this work, we examine the recent catalog of co-moving stars produced by Oh et al. (2017b) in search of new higher order structures in the Milky Way. In Section 2 we discuss the sample at large and in Section 3 we detail all the data we collected on individual sources. In Section 4 we describe in detail or re-organization of the original catalog into known and new structures in the Galaxy using (primarily) the kinematic analysis tool called BANYAN Σ. In Section 5 we focus on 5 new associations that appear to be newly identified and in Section 6 we review the age, mass, and metallicity parameters for each of them calculated using isochronal fitting. Conclusions are presented in Section 7.
THE SAMPLE
In September 2016, the European Space Agency (ESA) made public the first data release catalog (DR1) including a subset dubbed the Tycho Gaia Astrometric Survey (TGAS); (Lindegren et al. 2016 ). The latter contains parallaxes and proper motions for 2,057,050 stars with astrometry grounded by positions in the Tycho-2 catalogue (Høg et al. 2000) . While there are numerous co-moving stars uncovered with the original Hipparcos and Tycho catalogs (e.g. Lépine & Bongiorno 2007; Faherty et al. 2010; Shaya & Olling 2011) , the precision and photometric reach of Gaia lends itself to searches for wider and more distant pairs than has been previously possible. Indeed since the release of TGAS, several papers have conducted new analyses for wide co-moving pairs (Oh et al. 2017b; Andrews et al. 2017 Andrews et al. , 2018 Oelkers et al. 2017 ) that have pushed both the distance (separations 1 pc) and magnitude of proper motion for the discovered system.
In this paper we use the work of Oh et al. (2017b) as our input sample. Oh et al. (2017b) restricted the TGAS sample to those stars with parallax signal to noise values ≥ 8 (totaling 619,618) and searched within a 10 pc radius of each for a co-moving companion. Using both parallax and proper motion values of this precise subsample of TGAS stars, Oh et al. (2017b) implemented a marginalized likelihood ratio test to discriminate candidate co-moving pairs from the field population. Unlike the standard method for identifying comovers with a proper motion cut (e.g. recent work by Oelkers et al. 2017 which uncovered ∼ 1900 pairs in TGAS), the Oh et al. (2017b) technique marginalized over the (unknown) true distances and velocities of the stars utilizing a probabilistic model for the assumptions on the 3D velocities of the two stars in a pair.
The outcome of the Oh et al. (2017b) work is by no means a complete overview of wide, Gaia co-movers. Indeed between the Oelkers et al. (2017) , Andrews et al. (2017) , and Oh et al. (2017b) wide companion catalogs from TGAS astrometry, there is overlap but unique collections in each. Interesting for this work, Oh et al. (2017b) uncovered 10,606 unique stars found to be comoving with at least one but up to 151 others in TGAS (referred to as Oh17 sample from here-in). In the process and perhaps quite serendipitously for the project, Oh et al. (2017b) uncovered parts of many known moving groups, open clusters, associations and star-forming regions.
The 10,606 unique stars are organized into 4,555 groups. Those are further broken down into 27 groups that have ≥ 10 connected components-objects who passed the Oh17 kinematic association criterion-, 35 groups that have between 5 -10 connected components, 39 groups that have four connected components, 218 that have three connected components, and 4,236 that have two connected components.
As noted in Oh et al. (2017b) , radial velocities are required for each star to further verify that co-movers are not simply chance alignments, a prospect that becomes far more likely as the pairs have separations > 1 pc (see Price-Whelan et al. 2017 ).
DATA ON THE SAMPLE
In order to examine the groups as a whole in the Oh17 sample, we supplemented the Gaia data for each unique star with catalog photometry and spectral information. Using the Tool for OPerations on Catalogues And Tables  (TOPCAT; Taylor 2005) , we cross-matched with the Two micron All Sky catalog (2MASS; Skrutskie et al. 2006) , the Wide Field Infrared Survey Explorer Mission (WISE; Wright et al. 2010) , the Galaxy Evolution Explorer (GALEX; Martin et al. 2005) , and the Rontgen Satellite (ROSAT; Voges et al. 2000 Voges et al. , 1999 -both bright and faint source catalogs. For 2MASS and WISE we used a 1 radius to match to ALLWISE which automatically had a cross-match with 2MASS at the 3 level. For GALEX we used 5 and ROSAT we used 30 given their larger pixel sizes and greater positional uncertainties. We also used TOPCAT to cross-match all 10,606 unique stars with the Catalogue of Stellar Spectral Classifications compiled by Skiff (2014) . We list the recovered 2MASS JHK s , WISE W 1W 2W 3W 4, GALEX F U V and N U V photometry, ROSAT X-ray flux values as well as Skiff (2014) spectral type in Tables  1, 2 , and 3. We used the photometry in combination with the Gaia parallaxes in order to investigate colormagnitude diagrams and search for age-informative diagnostics in Section 5 below.
THE OH17 SAMPLE REORGANIZED
As the Oh17 sample is organized into groups with only a few known collections of stars explicitly described, in this Section we re-organize the co-movers into their known associations, label them as new candidate members of groups, or recommend a collection of stars as an entirely new pair or co-moving association. A detailed literature search of new co-moving pairs would normally be warranted to execute this task, however it is time consuming to sift through the numerous references to Tycho and Hipparcos stars (although see Gagne et al submitted for an analysis of new members across all of TGAS). To expedite the re-organization into known associations, we utilized a kinematic tool called BANYAN Σ (Gagné et al. 2018b) . This tool uses a compiled list of bonafide members (see Gagné et al. 2018b for details on the bonafide definition) of 27 different associations within 150 pc of the Sun to determine the probability of a given star on the sky also being associated.
Oh17 sample in BANYAN
To begin sorting which group corresponded to which known association of stars, we first applied the BANYAN Σ kinematic code (Gagné et al. 2018b ) to each of the 10,606 unique stars to ascertain the Bayesian probability that it belonged (new or known) to one of 27 co-moving collections. We chose a moderate membership probability threshold of > 80% Bayesian likelihood for membership in a known group. This number is arbitrary and moderately conservative (e.g. Gagne et al. submitted used > 90% for their threshold) but given that these sources already have at least one connected component, we think it is justified. Table 4 shows that 1015 unique stars passed the probability criterion for one of the 27 collections tested by BANYAN. Table 4 gives the probability that an object was a member of a BANYAN tested association (column 10) but it also gives a breakdown of likelihood if it had a chance of being in more than one group (column 9).
A few things of note came from the BANYAN results. Given the 80% group membership probability that we employed to investigate the Oh17 co-moving stars , there were times when one object in a co-moving pair was found to be a part of a known group while it's designated partner was not. For instance, in the AB Doradus moving group, there were 24 individual stars identified by BANYAN to have a > 80% probability of membership. However there were four double-connected components in Oh17 where only one of the two stars were recovered as AB Doradus members (e.g. Oh17 group 2240 which contains a bonafide member). This occurred across all of the 27 BANYAN groups. Given that the Oh et al. (2017b) method requires matching kinematics for the pairs to emerge, we postulate that the majority of these broken up groups is due to the second component having a probability that simply did not exceed our 80% threshold. Further investigation may prove that its connected partner(s) is also a candidate member, but with a lower likelihood. All known information and BANYAN results are reported in Table 4 .
Known Associations from BANYAN
Using the >80% probability threshold, members of each of the 27 BANYAN Σ tested groups were identified. It is important to note that the Oh et al. (2017b) method was not designed to identify these large kinematic associations therefore it is not expected that it would or should recover all known members possible from Tycho and Hipparcos in a given association (see Gagné et al. 2018a ). As such, we emphasize that the Oh17 sample is not a complete look at known groups or even one where a significant portion of members should be identified.
That stated, for our own purposes, we cross-matched all of the individual stars with the bonafide (BM), candidate (CM), high-likelihood (HM), low-likelihood (LM), ambiguous (AM) and rejected member (RM) lists used in Gagné et al. (2018b) to create BANYAN Σ. Column (12) and column (13) of Table 4 reflect whether an object might be a new candidate that requires further vetting (NO) or whether it falls in one of the above listed BANYAN categories (BM, CM, LM, AM, or RM). Table 5 summarizes each of the 27 BANYAN tested groups. We note that the NO objects may still be known literature sources however they are not in BANYAN Σ and we only performed a cursory check in the literature for the most prominent associations. In the case of the Hyades, the Pleiades, and Coma Berenices we verified that all of the NO sources were discussed as members in the literature therefore there are no new additions in the Oh17 catalog. The remaining groups with NO objects listed, may have new members uncovered. Specifically, given that there are a significant number of Oh17 stars that are connected components to known or candidate members of associations, we suggest there are a significant number of new additions to moving groups uncovered. Detailed vetting and literature searching is required to confirm new objects.
Organizing the Oh17 groups/pairs by BANYAN results as laid out in Table 6 we find that Upper Centaurus Lupus (194 > 80% probability members), and Lower Centaurus Crux (156 > 80% probability members) were found in greatest number. Conversely, the groups 118TAU, ρ Ophiucus, and Carina were not recovered at all.
Members of the Pleiades (Oh17 group 0), Coma Berenices (Oh17 group 7), IC 2602 (Oh17 group 5) and Alessi 13 (Oh17 group 19) were recovered from BANYAN Σ as all belonging to the same Oh17 defined group. However-with the exception of Corona Australis, Chamaeleontis, η Chamaeleontis and Ursa Major where only one pair (or 1 object in a pair) was recovered-the remaining 15 BANYAN Σ groups were recovered across more than one Oh17 defined group (see Figures 1, 2 , and 3 for pie charts illustrating the distributions). For instance, BANYAN Σ found 107 > 80% membership probability Upper Scorpius stars. However, as illustrated in Figure 2 , those are spread across 11 different Oh17 groups. Among those, Oh17 group 4 (with 72 members), was the largest collection of Upper Scorpius objects, all of which came out as > 80% membership BANYAN probability in the association. The 10 other Oh17 groups with the 35 remaining > 80% membership probability Upper Scorpius stars ranged in size from 2 -10.
We investigated whether this substructure of Oh17 groups for the same BANYAN predicted group was significant but found no obvious evidence for a correlation with the members and their Oh17 group assignment. For example, in Figure 4 we look at the 5 largest Oh17 groups that came out as Upper Centaurus Lupus in BANYAN on a (G − J) versus M G color magnitude diagram. While we see nothing striking, Röser et al. (2017) reports that using TGAS astrometry, spatial positions, and some follow-up radial velocities, they find that Group 11 is a part of a compact new moving group around V1062 Sco. Further investigation is required for each of the individual groups to see if they end up mapping fine detailed kinematic structure or sub structures within a larger association.
Groups that were particularly close to the Sun (distance 100 pc) were almost entirely broken into pairs or triples by Oh et al. (2017b) . For instance, as illustrated in Figure 3 , the AB Doradus moving group whose members span from 7 -77 pc from the Sun and are scattered in right ascension and declination all over the sky, spanned 14 different Oh17 groups. The Oh et al. (2017b) method probably breaks down for nearby groups given that the closer an association is to the Sun, the more important understanding the full kinematics becomes to deciphering membership. With the Oh et al. (2017b) method, radial velocity measurements are not employed, making it difficult to differentiate the full kinematic signature of solar neighborhood groups.
We also found that several of the Oh17 groups with > 10 sources had a mixture of objects with different BANYAN predicted associations. Table 7 lists each of the Oh17 groups that had a component in more than one of the BANYAN Σ tested groups. For instance, Oh17 group 25 has 6 BANYAN predicted members of Upper Scorpius and 4 BANYAN predicted members of Upper Centaurus Lupus. Group 13 has 1 BANYAN predicted members of Lower Centaurus Crux and 21 predicted members of Upper Centaurus Lupus. These associations are known to have cross-contaminating kinematics as they occupy a similar part of XYZUVW space so it is not surprising to see the Oh17 method find them together. Moreover, lacking a radial velocity means there is a crucial kinematic component missing for associations that are already very similar.
Non-BANYAN but Known Groups Identified
As stated above, the Oh17 sample consists of 27 groups that have ≥ 10 connected components, which we choose as a cut-off number for what we investigated as a potentially new large association. We found that fifteen of those Oh17 groups contained BANYAN predicted members of nine different associations (as stated above some BANYAN groups were split among more than 1 Oh17 group). The remaining 12 Oh17 groups with > 10 members were split between (1) known associations that were simply not tested by BANYAN and (2) potential new groups. For the former, we conducted a literature search including a cross match with the Gaia Open Cluster catalog (Gaia Collaboration et al. 2017) and found that Oh17 Group 1 is α Persei, Oh17 group 6 is Praesepe, Oh17 group 9 is IC2391, Oh17 group 17 is Blanco 1, Oh17 group 21 is NGC2451A, Oh17 group 20 is Platais 3, and Oh17 group 16 is RSG2. Table 6 lists the membership (BANYAN or not) that we found through a literature search for any source in the Oh17 sample.
New Moving Groups identified in Oh17
Of the 27 groups that have ≥ 10 connected components, five Oh17 groups appear to be newly identified. Those were Oh17 groups 10, 14, 23, and 26 (containing 29, 20, 10, and 10 connected components respectively). The stellar members and associated kinematics for each new group are listed in Table 8 . Group 10 is perhaps the most exciting both because it has the largest number of members (29) and it falls within 100 pc (full range is 90 − 115 pc). We note that there is a reference to 3 of the stars (HIP 67005, HIP67231, and HIP66198) belonging to an unnamed open cluster by Latyshev (1977) -along with 4 other stars that were not recovered by Oh et al. (2017b) . However we found no other information aside from their coordinates in a literature search.
For the remaining 3 groups, a quick search of the literature did not yield any indication that they were previously identified as co-moving associations. Group 26 with 10 members is just a bit farther than Group 10 with a range of 105 − 135 pc. See Table 8 for the range of distances for all new groups as well as proper motion, radial velocity, and spectral types for their members.
For the 35 Oh17 groups with 5 -9 members, we find that 19 do not show any likelihood of membership in BANYAN tested groups, the Gaia Open Cluster catalog, or a very cursory literature search. While we do not give these the same attention as the 5 new groups with ≥ 10 connected components, we break out their individual components in Table 9 .
We note that Oh17 Group 30 is particularly exciting as it is within 100pc (range 77 -90 pc; see Figure 5 ). As such we provide a G-J color magnitude diagram for this 8 component group and note that there is 1 fairly strong X-ray active F5 star (see Figure 10 ) indicating that it is Pleiades age or older. This group will be the subject of a future study.
AGE ESTIMATES OF THE 5 NEW MOVING GROUPS FROM X-RAY AND UV ACTIVITY
We investigated the 5 new groups for age-indicative information among members. First, we plotted each in XYZ space to examine whether they overlapped in position with any of the BANYAN Σ known groups. Figure 5 shows the results. While each group occupies a tight portion in XY or XZ space, most are too distant for comparison and we find no obvious connection to known associations.
There is a significant portion of stars in each group that have spectral information. In Group 10, the closest of the new groups, there are AFG and K stars. Group 14 only has A stars with literature spectral types while groups 23 and 26 have FG and A stars.
To ascertain whether these new groups follow a logical temperature sequence, and how that sequence is related to known groups with ages, we examined a series of color magnitude diagrams. As stated in Section 3, we cross-matched all unique stars in the Oh17 sample with 2MASS, WISE, GALEX, and ROSAT. We used (G − J) as our color proxy for spectral type/effective temperature as this appeared to have a clean relationship after examining an array of photometric combinations. The bottom right panels of Figures 6, 7, 8, and 9 show (G − J) versus M G for all of TGAS using a signal to noise cut off of 10. Overplotted are the individual stars in each of the 4 uknown groups (respective to their own Figure) as well as BANYAN groups that were identified in Oh17 color coded to reflect different ages. We chose to group objects into age bins of ∼ 15 Myr with Upper Scorpius, Upper Centaurus Lupus and Lower Centaurus Crux; ∼ 50 Myr with IC2602; ∼ 100 Myr with the Pleiades; and ∼ 500 -800 Myr with the Hyades and Coma Berenices. Moving from blue to red (G − J) color on the sequence we see that the younger groups shift redder and brighter than would be expected from field stars. Each new group forms a fairly tight sequence across the range of (G − J) colors. No group looks as young as the ∼15 Myr sequences. While the groups show some scatter, they are all consistent with Pleiades age (∼ 100 Myr) or older associations.
Using X-ray and UV magnitudes we examined how the different groups (known and new) as well as the full sample measured on age-activity relations (e.g. Núñez & Agüeros 2016; Preibisch & Feigelson 2005; Shkolnik et al. 2011; Rodriguez et al. 2013) . We looked at the color magnitude diagrams of (G − J) versus M N U V and M F U V as well as (G − J) versus X-ray luminosity. The top panels of Figures 6, 7, 8, and 9 show N U V and F U V color magnitude diagrams for each group separately while the bottom left panel of each Figure shows the X-ray comparison. Each group had several stars with N U V detections. Groups 23 and 26 had no F U V detections and Group 14 had 1. In X-ray, Groups 14, and 23 had no detections in ROSAT. Similar to the (G − J) versus M G color magnitude diagram comparisons, we find that the new groups follow logical sequences on the ultraviolet diagrams. The F U V and N U V magnitude sequences are consistent with ages that are older than the Pleiades for each group. The X-ray activity indicates that Group 10 is similar to Hyades members at ages of ∼ 750 Myr. While Group 26 has stars that are more active and could be considered much younger with this diagnostic parameter.
AGE, MASS, AND METALLICITY FROM ISOCHRONAL FITTING
We also turned to isochrone fitting to investigate the parameters of each new group. Using the methodology of Bochanski et al. (2018) where the Oh17 sample was supplemented with 2MASS and WISE photometry and then tested with posterior probabilities calculated using the trilinear interpolation schemes within isochrones and assumed priors described in Morton (2015) , we look at the Mesa Isochrones and Stellar Track library (MIST; Dotter 2016 , Choi et al. 2016 , Paxton et al. 2011 , 2015 predictions for each star. We investigate both the age as well as the mass and [Fe/H] parameters. Figures 11, 12, 13, and 14 show the results for each group. For context, we overplotted one group in each of our age bins with MIST isochrone parameters from Bochanski et al. (2018): Upper Scorpius (∼ 10 Myr; purple), Pleiades (∼ 112 Myr; red), IC2602 (∼ 50 Myr; green), and the Hyades (∼ 750 Myr; blue). The histogram plots were normalized to 1 for ease of comparison and they were binned by 0.1 in Mass and Age and 0.03 in [Fe/H]. As stated in Bochanski et al. (2018) , the age predictions from MIST isochrone fitting are scattered and can be significantly different than observable indications like Li depletion, gyrochronology, or UV/X-ray activity levels. As such, we note the isochrone age predictions with skepticism and are more interested in the Mass and [Fe/H] distribution of the groups.
Group 10
Group 10 shows a slight bifurcation in age predictions from isochrones with half of the stars showing an indication of ages younger than 1 Gyr and the other half falling older. The metallicity distribution tends to near solar if not slightly metal rich compared to the known group predictions. The stars identified in Group 10, the closest of the new groups examined, tend toward solar mass with a large number of higher mass objects. There are several A stars in Group 10 spectroscopically identified so this is consistent with literature work on the members.
Group 14, 26
Groups 14 and 26 show isochrone age predictions for the stellar members that fall within the known associations plotted. The metallicity predictions for stars in each group all fall slightly subsolar but are within the predictions of known groups. The vast majority of stars identified in Groups 14 and 26 fall between 1 -2 solar masses, consistent with what we see on the color magnitude diagram sequences.
Group 23
Group 23 has 10 members, one of which falls clearly in the giant star area of the (G − J) versus M G color magnitude diagram. That object, HD86703, also skews the age, mass, and metallicity plots by showing up as significantly younger, slightly metal rich, and high mass. Otherwise, Group 23 is similar to Groups 14, 16, and 26 in its parameters. Indeed HD86703 is the bright outlier on the N U V color magnitude diagram of Figure 8 and is classified as a G5/G6 giant star in the literature.
CONCLUSIONS
The Oh17 co-moving catalog is rich with discoveries for the local solar neighborhood and the nearby galactic substructure. There were 10,606 individual stars in the Oh17 catalog split into 4,555 groups. Those were further broken down into 27 groups with 10 or more connected components, 35 groups with 5 -9, 39 groups with 4, 218 that have three, and the remaining which have 2.
The original Oh17 paper produced a rich and very useful catalog however it lacked a detailed literature search as to whether the groups were new, known, or parts of a whole. Given that future Gaia data releases will certainly uncover a wealth of previously unrecognized associations in the Galaxy, we looked to re-organize the sample of 4,555 groups into known or unknown collections of stars. The BANYAN Σ tool is one method for quickly parsing through the collection of pairs and hierarchical associations. Using BANYAN Σ we find that 1,015 individual stars in the Oh17 catalog have an 80% or larger probability of membership in one of the 27 groups analyzed. Using those objects as a seed for interpretation of the overall Oh17 catalog, we find that 24 of the 27 groups were uncovered in part (none in their entirety), and there are 400 new candidate members with Gaia astrometry across 20 different groups. In fact a significant portion were uncovered as bonafide members in the literature and the Oh17 catalog found a co-moving companion or multiple connected companions with >80% probability in a group.
We uncovered that a significant number of the large (> 10 connected component) groups in the Oh17 sample were broken up parts of big, known associations like Upper Centaurus Lupus, Upper Centaurus Crux or Upper Scorpius. We found no correlation with the individual Oh17 group and position on color magnitude diagrams therefore we do not identify traces of substructure in those known associations, however recent work suggests that further investigation is warranted (see Röser et al. 2017 and the discovery that Oh17 Group 11 was a compact new moving group around V1062 Sco).
We investigated the Oh17 groups with > 10 connected components in detail and found that 4 of those hierarchical associations are newly discovered co-moving collections of stars in the Milky Way. Among those were Oh17 Groups 10, 14, 23, and 26 containing 29, 20, 10, and 10 connected components each. Group 10 was the closest with a range of 105 -135 pc making it a new candidate for searches of a co-evolving association with directly imaged exoplanets and brown dwarfs. Each group appears to be older than the Pleiades but with indications that they are younger than ∼ 1 Gyr. Using the kinematics of these objects in updates of strong kinematic analysis tools like BANYAN Σ, one can uncover more members. Moreover, while we did not do a detailed search, we found that 19 of the 35 Oh17 groups with 5 -9 members also appeared to be new co-moving associations in the Galaxy and warrant follow-up. Oh17 group 30 was particulary exciting given that it would be well within 100pc (range of 77 -90 pc), has at least 1 X-ray active F5 star, and is in a compact area of young stars near the Sun. Given that the Gaia DR2 release will occur in April of 2018, these new groups are likely just the tip of a large iceberg of discovery when it comes to the substructure of the Milky Way.
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Note-This subtable is a preview of the entire sample, which will be available as a machine readable table. Above we show the Tycho or Hipparcos name along with corresponding position, and the SpT and T ef f compiled in Skiff (2014). We also show the BANYAN Σ probability of membership and the corresponding group as well as the Oh17 group number. 
Note-This subtable is a preview of the entire sample, which will be available as a machine readable table. Above we show the Tycho or Hipparcos name along with corresponding photometry from Galex and X-ray luminosity from ROSAT bright and/or faint (with corresponding name). We also include the Oh17 group number and the BANYAN Σ predicted association. 
(8) Note-This subtable is a preview of the entire sample, which will be available as a machine readable table. Above we show the Tycho or Hipparcos name along with corresponding position, proper motion, parallax, and radial velocity (where available). Columns (9) and (10) show the detailed results from BANYAN Σ of probability of membership in a nearby association (10) and the best group fit. Column (12) describes whether an object was used as a bonafide member (BF) in BANYAN Σ or whether it was a candidate member (CM), high likelihood member (HM), ambiguous member (AM), rejected member (RM), or not investigated (NO). Column (13) reflects the corresponding group of investigation to Column (12).
The Oh17 Group number is listed in Column (11). An object marked as (NO) may be a newly discovered candidate of a known group. However we note that we did not do a detailed literature search as to whether some of these sources were investigated by others therefore further vetting is required for each source. Table 5 . BANYAN Σ summary of Oh17 38 8, 11, 13, 18, 24, 194 215 16±2 7 25, 33, 40, 45, 46 54, 92, 94, 99,114 239, 299, 304, 308, 408, 668, 672, 1443, 2239, 2668, 2828, 3019, 3155, 3238, 3245, 3362, 3908, 4027, 4132, 4218, 4300, 4404 Röser et al. (2016) Note-All 21 of the BANYAN Σ tested groups compared to the Oh17 catalog group numbers. Non-BANYAN tested groups are also listed with corresponding Oh17 group numbers. Note-A list of the Oh17 groups that had members with >80% probability in more than 1 BANYAN Σ tested group Note-Collections of stars in Groups 10, 14, 23, and 26 from the Oh17 sample that appear to be newly discovered. Note-Collections of stars in Groups with 5 -9 connected components from the Oh17 sample that appear to be newly discovered.
